Abstract Most patients with IgA nephropathy exhibit complement deposition in the glomerular mesangium.
Introduction
IgA nephropathy (IgAN) is characterized by glomerular deposits of aberrantly glycosylated IgA1 and complement proteins [10, 17] . Complement components deposit mainly in the mesangium and include C3, C4d, C4-binding protein, factor H, mannose-binding lectin, C5b-9, and properdin [1, 7, 8, 13, 15, 17, 20, 21] . Polymeric IgA may activate both the alternative and the lectin pathways of complement [11, 16, 17] and studies have suggested that complement activation during IgAN involves the alternative and lectin pathways [17] . Mechanisms by which complement activation occurs during IgAN are not fully understood. It has been suggested that inadequate complement regulation could lead to complement activation in vivo and progressive glomerular disease [7] .
Factor H is the main fluid phase regulator of the alternative pathway of complement. Dysfunction of factor H has been associated with certain renal diseases such as atypical hemolytic uremic syndrome (HUS) and membranoproliferative glomerulonephritis as well as the ophthalmological condition termed age-related macular degeneration (reviewed in [27] ). Factor H is deposited in the kidneys during IgAN [1] . Urinary levels of factor H have been found to be increased and related to disease activity [26] . A recent study investigated 46 patients with IgAN and found normal factor H levels and no mutations in the C-terminal of factor H, the region responsible for host cell recognition [6] .
In this study we present a girl who primarily developed IgAN followed several years later by malignant hypertension and microangiopathic hemolytic anemia (MAHA). The latter led us to investigate the patient's factor H levels which were found to be low. A novel mutation was detected at the N-terminal of factor H. In addition to the mutation, three polymorphisms, associated with increased risk for HUS, were detected in the factor H gene.
Patient and family member
A currently 18-year-old Caucasian girl was admitted to Karolinska University Hospital at the age of 9 years with macroscopic hematuria and proteinuria after a severe tonsillitis. Her serum creatinine was slightly elevated at 67 μmol/L (normal reference value <60 μmol/L). Within the following 2 months, she recovered with persistent microscopic hematuria but no proteinuria after which she was lost to follow-up. She was readmitted at the age of 14 years with a history of weight gain during a few months as well as progressive fatigue, weakness, headache, and blurred vision during the days before admission. There was no history of diarrhea. Upon admission her blood pressure was 250/150 mmHg, she had altered sensorium and was in respiratory distress. She exhibited severe oliguric renal failure with high levels of creatinine (1360 μmol/L, reference value <90) and BUN. In addition, laboratory values showed low serum albumin (31 g/l; reference value, 40-51 g/L), hemolytic anemia (hemoglobin, 65 g/L (110-160); lactate dehydrogenase, 16.5 μkat/L (<6.2)) and thrombocytopenia (69 × 10 9 /l, 150-400). C3 was low 0.52 g/L (0.67-1.43), C3dg elevated 11.5 (<5 mg/L), and C4 normal. Urinalysis revealed microscopic hematuria and nephrotic-range proteinuria.
Serologic analysis for anti-nuclear antibodies, anti-double stranded antibodies, anti-phospholipid antibodies, antineutrophil cytoplasmic antibodies, anti-glomerular basement membrane antibodies, hepatitis B and C, and HIV were all negative. Fundoscopic exam revealed papilledema, exudates and retinal hemorrhages. She was treated with continuous veno-venous hemofiltration, anti-hypertensive medications, and pulses of methyl-prednisolone. Ophthalmologic and cardiovascular involvement as well as hemolytic anemia remitted and blood pressure normalized.
Renal biopsy showed 17 glomeruli, 11 exhibited total sclerosis (Fig. 1a) , and two crescents (Fig. 1b) . The remaining exhibited mesangial proliferation (matrix and cells). There was no evidence of thickening or double contours of the glomerular basement membrane. Tubules showed marked atrophy with mononuclear infiltrates in the interstitium. There were no visible thrombi in the renal blood vessels, but arterioles displayed myointimal proliferation in a concentric pattern typical for "onion-skin" lesions (Fig. 1c) . Immunofluorescence showed intense mesangial deposits of IgA (Fig. 1d) 
Serum and whole blood in EDTA tubes were obtained from the patient and her father. The project was performed with the informed written consent of the patient and her parents and the approval of the Ethics committee of the Medical Faculty, Lund University.
Materials and methods

Factor H levels and mutation analysis
Factor H levels were measured by rocket immunoelectrophoresis as previously described [22] . Factor H size was detected by immunoblotting [22] . Extraction of genomic DNA and sequencing of the factor H gene were performed as described [22] .
ADAMTS13
ADAMTS13 activity in plasma was detected by a modified collagen binding assay as previously described [9] .
Results
Factor H levels were repeatedly low at 50% (reference value, 69-154) upon admission at the age of 14 years, and 52% 3 years later, after transplantation. Immunoblotting revealed a weak factor H band at 150 kD (data not shown) indicating normal size.
Genomic DNA from the patient and her father were screened for mutations in the factor H gene. A novel heterozygous mutation in exon 2, corresponding to short consensus repeat (SCR) 1, was found at G142T leading to replacement of alanine by serine: A48S. In addition, three heterozygous polymorphisms were identified in the factor H gene: −257 c/t (promoter region), 672 a/g A2089G in exon 14 (silent), and G2881T: E936D in exon 19. These polymorphisms have been previously described as riskassociated with HUS [3] . The patient's father did not bear the mutation but had all three heterozygous polymorphisms. DNA was not available from the patient's mother. ADAMTS13 function was normal.
Discussion
A novel mutation at the N-terminal of factor H is described in a girl with evidence of IgAN and one episode of MAHA in conjunction with malignant hypertension. The mutation is located in SCR 1 of factor H. Factor H is a co-factor of factor I in cleaving C3b. The co-factor and complement-regulating domain of factor H is ascribed to SCRs 1-4 which bind C3b. This region is active in decay acceleration, displacing factor B from the C3 and C5 convertase [12] . Low levels of factor H have been previously described in certain patients with IgAN [23] [24] [25] . The patient exhibited low levels of factor H at separate time points suggesting that the heterozygous mutation interfered with secretion of the product of the mutated allele. The mutation is in proximity of a cysteine residue at codon 52 (http://www.fh-hus.org/) possibly altering a disulphide bridge and/or the stability of SCR1. Thus we suggest that the mutation may affect complement regulatory functions and may partially block secretion of factor H from cells as has been demonstrated for other Nterminal mutations in factor H, mostly associated with membranoproliferative glomerulonephritis [5, 22] .
The pathological findings were indicative of IgAN due to intense mesangial deposition of IgA. Membranoproliferative glomerulonephritis was ruled out due to lack of typical changes such as glomerular basement membrane thickening with double contours. The clinical history, with a glomerulonephritis in association with pharyngeal infection at the age of 9 years, indicates that the primary lesion was IgAN. The combined clinical picture of IgAN and HUS has been reported [4, 14] in association with chronic advanced IgA nephropathy and malignant hypertension as was evident in our patient. Malignant hypertension in itself has been associated with MAHA (reviewed in [2] ). This may be due to endothelial cell injury with narrowed microvasculature and enhanced shear stress [18] . MAHA may have developed in this patient secondary to progressive IgAN and malignant hypertension but the presence of three HUS-associated polymorphisms in factor H [3] could have contributed to this process. Recently patients with IgAN have been investigated regarding allele frequency and these three polymorphisms were not associated with IgAN [6] . However, the presence of these polymorphisms in an IgAN patient with malignant hypertension and vascular damage may be a predisposing factor reducing complement regulation and precipitating MAHA. This raises the ethical issue of if a Fig. 1 Histopathologic findings in the patient's renal biopsy. Renal biopsy showed global sclerosis in 11/17 glomeruli (a), crescents in two glomeruli (see arrow in (b) and "onion-skin" lesions in arterioles (c). Immunofluorescence showed mesangial deposits of IgA (d) patient with a factor H mutation, and three factor H polymorphisms associated with increased risk to develop HUS, should undergo renal transplant. In patients with HUS and factor H mutations the risk of HUS recurrence after renal transplant, leading to graft loss, is high [19] . The primary diagnosis in the patient described herein was IgAN and she developed MAHA as a secondary phenomenon due to malignant hypertension. As N-terminal factor H mutations have not been explored in a larger cohort of IgAN patients it is, as yet, unclear if these genetic alterations can increase the risk of IgAN recurrence after renal transplantation.
There may be several mechanisms for complement activation in IgAN via both the alternative and lectin pathways. Although we describe only one patient with an Nterminal mutation in factor H, we suggest that the mutation and the three polymorphisms in factor H may have contributed to complement dysregulation and C3 deposition in the glomeruli.
